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1 EXECUTIVE SUMMARY

This study is limited in scope to those distribution projects which need to be completed in
order to facilitate building the Sawyer Passway Substation. The goal of this study is to
determine the final configuration required at the new substation. This study does not detail
how to get from the substation to existing circuit/feeder locations. That will be determined
during the design process.

This study will demonstrate that through circuit transfers and the use of stepdown
transformers, the 4kV circuits originating out of Electric Station can be served in other ways.
Therefore, the new substation will not require any 4kV transformation. This will greatly
reduce the cost associated with the new substation by eliminating the need for 4kV
transformation at Sawyer Passway.

If 4kV transformation were to remain at Sawyer Passway, the 13.8kV transformation will
need to be increased as well. This leads to paying for double transformation which is not
required. The added 13.8kV transformation required would in turn place a higher load
requirement on Summer Street as a backup. This would further limit the transformation
available at Summer Street for load growth or circuit transfers. This project also falls in line
with the future goal of spreading 13.8kV throughout the system.

Throughout this report, the terms Electric Station and Sawyer Passway will be used quite
frequently. Electric Station is used to identify the existing substation and Sawyer Passway
is used to identify the new substation.

2 INTRODUCTION

Electric Station was once the center of the FG&E electric production. Over the years, all of
the generators have been removed from the site which left FG&E with an old substation
located in an old building.

Most of the equipment inside the building is old and very difficult to maintain due to the
unavailability of spare parts. It has also been determined that the equipment which is 30-50
years old has no value to be reused in the new substation. The only pieces of equipment
which might have some value are the 13.8-4kV transformer and some relatively newer
reactors. These should be removed from the building and saved as spares. Itis
recommended to remove all of the equipment under a 2001 budget item.

Besides the age of the equipment, the building itself is in poor condition. The new
substation will allow all of the equipment from the building to be removed and
decommissioned. The final disposition for the building has not yet been determined.
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The study developed by Parsons Power Group Inc. (Exhibit A) concluded that the best spot
for the new substation is the Sawyer Passway site. Their reasons for this are as follows:

1) Maximizes the use of the existing 69kV transmission facilities

2) Maximizes the use of the existing 13.8 and 4kV distribution getaways

3) Good, clean, level site

4) Most cost effective

5) Provides ready source of power for future site development

6) Facilitates the ultimate elimination of Wallace Rd. and Nockege substations

7) Takes advantage of existing ties between Beech St. and Summer St. substations

The purpose of this report is to detail a precise short term, cost-effective plan for the
distribution system which originates from Electric Station. This report has taken into
consideration concepts such as O&M costs, age/condition of plant, and room for growth and
expansion. The goals of this study are as follows:

A) Determine how all area distribution loads will be served upon completion of the new
substation.

B) Determine all parameters necessary to complete the substation design.

C) Eliminate radial load from the #8 network feeder.

D) Develop year 2000 capital budget items including project scope, justification, and
costs.

E) Develop five year capital budget items including project scope, justification, and
costs.

ELECTRIC STATION DESCRIPTION

Electric Station is normally served in a looped configuration with the 06 Line, 3A and 9
feeders in parallel. The existing configuration has a 69-13.8kV Wye-Delta transformer
feeding the 13.8kV bus. The 3A and 9 feeders originating from Summer Street are the
backup supply to the 13.8kV bus. These positions will be maintained in the Sawyer
Passway substation design.

Other than the 3A and 9 feeder positions, all the network feeders originate from this bus (8,
10, 10A, 10B, and 11). The #7 feeder is a normally open tie between Electric Station and
Beech St. substation. This cable is old and has not been used for a long time. This cable
was tested in 1999 and determined to be unusable. The #17 feeder runs in parallel with the
#10 feeder with an automatic bus transfer at Nockege substation. The drawing which best
displays this configuration is the System Oneline Diagram Simplified (FCYTD001). This is
shown in Exhibit B.

Also located on the 13.8kV bus at Electric Station is a 13.8-4kV Delta-Wye transformer.

This transformer serves the 4kV bus which has five circuits originating from it (1, 2, 4, 9, and
13). These circuits serve customers in the area immediately surrounding Main Street. For a
substation oneline, see Exhibit C.
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All of the 4kV circuits exit from Electric Station by the use of underground cable in ducts.
The cable is a combination of varnished cambric cable and PILC (Paper Insulated Lead
Cable). The paper insulation of the PILC cable is impregnated with oil. This oil serves two
functions: 1) increases dielectric strength of the cable and 2) keeps water from penetrating
into the cable. All of these cables are extremely old and most if not all of the oil has dried
up. These are major contributing factors to most of the troubles on these circuits. Due to
this fact, if the PILC cable could be removed from normal operation, the reliability of these
circuits should greatly increase.

By the end of 1999, circuit 2 should be eliminated from Electric Station. This circuit was
placed on circuit 37 out of Pleasant Street Substation. This is a 13.8kV circuit, therefore
stepdown transformers were used to maintain the 4kV primary voltage of circuit 2. Since
circuit 2 will be eliminated from this site, this report will focus on how to eliminate the
remaining four 4kV circuits from Electric Station (1, 4, 9, and 13)

LOAD PROJECTION

An entire system load projection was completed mid-year of 1997. The historical peak data
for the circuits show a 2% yearly increase is a good, but slightly conservative projection.
The historical values were obtained and then escalated exponentially by 2% each year up to
the year 2013. These projections can be seen in Exhibit D.

Even though this report is primarily focuses on the circuits around Electric Station, load
projections were completed for all of the circuits, feeders and station transformers. These
load projections are based upon the system configuration proposed in this report.
These load projections were then compared to their ratings to determine when possible
overloads will occur. A complete listing can be seen in Exhibit E.

The following circuits, feeders and transformers show signs of an overload within the time
frame of this study.

Circuit/Feeder/Xfmr Substation Year of Overload Per Unit Loading
Ckt. 34 Pleasant St. 2000 1.822
39 Fdr Summer St. 2003 1.002
Ckt. 10 Canton St. 2003 1.019
50T1 Princeton Rd. 2005 1.017
Ckt. 28 River St. 2008 1.015
Ckt. 6 S. Fitchburg 2010 1.004
35T1 Rindge Rd. 2010 1.004
25T1 River St. 2012 1.008

The circuit 34 overload occurs after circuit 4 is transferred. The overload will be remedied
by reconductoring. The loadings on these circuits, feeders, and transformers should be
reviewed to determine if these load projections are a true representation of actual loadings.
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5 CIRCUIT CAPACITIES

Due to the proposed system modifications, the circuit capacities for each substation must be
revisited. Since this study concentrated on the 4kV circuits out of Sawyer Passway, the
updated circuit capacity listings for only the 4kV circuits are shown below. The 13.8kV
circuit/feeder capacities will not change as a result of the system modifications.

Due to system modifications, some circuits will no longer exist because they will take on the
name of the circuit which they are transferred to. For those circuits, the circuit/feeder which
they will be transferred to is listed.

5.1 4kV Circuit Capacities

Transferred . el
Circuit # To Con;uctor Material Amps Majc;:r L::mltmg
Fdr.  Ckt. 1ze actor
1 fdr 3-4 & ckt 1
2 ckt 37
4 ckt 34
5 ckt 26
6 250 Cu 200 CTs
8 ckt 24
8A 350 Cu 400 Cable
9 ckt 8A
10 336.4 AA 200 CT’s
11 336.4 AA 280 Recloser
12 250 Cu 200 CTs
13 ckt 8A
14 fdr 1
22 2/0 Cu 300/230+ CT's, #2 Cu
Sheldon St.
23 250 Cu 300 Cable
24 336.4 AA 360 CT's
26 250 Cu 200 Substation
Transformer
34 336.4 AA 450 Recloser
440 Xfmr w/
Propane Plant
Operating
35 3/0 AA 300+ Wire
36 250 Cu 300 Cable Risers
@ Sub
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6 13.8KV NETWORK SYSTEM

A detailed report was completed on the #8 feeder in 1996. This report is not intended to re-
engineer the conclusions and recommendations which accompanied that study. The #8
feeder study can be viewed in Exhibit F.

For the sake of this report, it will be assumed that all network feeder positions will be
maintained in the new Sawyer Passway substation. This report will detail a solution to
enhance the operation of the network system.

6.1 New Circuit 8A (Sawyer Passway)

The #8 feeder study, which was completed in 1996, identified radial load tapped off of
the #8 feeder which should be removed. Once all of the radial load is removed from
the #8 feeder, the only other radial load tapped off the network system is the old GE
Co. building.

The GE building is normally fed from the #11 feeder, with an alternate feed from the
#17 feeder. This configuration has proven to be very reliable. At this time, there is
minimal load in the building. It is recommended to leave the current configuration. As
the GE complex is developed, the service requirements and associated system design
should be evaluated.

The new circuit #8A project is designed to remedy the radial load problem on the
network as well as ultimately serve circuits 9 and 13 out of Electric Station.

6.11 EPR versus PILC Cable

In this project, it will be suggested that EPR cable should be used. The EPR
design was developed in 1995 as a replacement for the varnished cambric and
PILC cable. The overriding constraint was designing a cable with enough
capacity which would fit inside the existing duct system. The underground duct
system has a dimension of 3-1/4” square.

EPR cable is more expensive than PILC cable. This cable has a compact design
without sacrificing current carrying capacity. The added initial cost of the EPR
cable is recovered when it comes to operating expenses. EPR cable, because it
is new, will be less likely to fail and the failures that do occur will take much less
time to repair.

6.1.2 Project Scope

This project will consist of installing EPR cable to create a new circuit (8A) from
Sawyer Passway to the Rollstone Street switchgear. At this point, it will tap into
the alternate feed for the #8 feeder from Wallace Road. This will leave PILC
cable on the new circuit 8A between the Rollstone Street switchgear and Wallace
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Road. This new circuit is in addition to all of the network feeders remaining in
service. The Underground Vault and Duct Location drawings are shown in
Exhibits G-J.

The new circuit 8A will tie into the end of the #8 feeder so it can be fed from both
ends. The configuration will increase the reliability of this line by providing the
flexibility required to minimize the number of customers affected by a cable
failure and reducing the service restoration time.

This project will include removing all of the radial load off the #8 feeder and
relocating it to the new circuit #8A. The new circuit 8A will utilize the existing
switches of the #8 feeder. The PILC cable on the #8 feeder should be tapped
around the switches and therefore remove them from operation on the #8 feeder.
New terminators and splices will be required for this project.

The most economical configuration is to utilize the existing switches on the new
circuit 8A. The switches on the new circuit 8A will give the flexibility required to
effectively sectionalize in the event of a fault. This will allow the remaining
customers to be served while the fault is located and corrected. Due to the
redundancy of the network, the #8 feeder does not require the use of these
switches. A sketch for this configuration can be seen in Exhibit K.

When this project is designed, the economics of bringing the EPR cable in and
out of each manhole versus transition splices should be looked at. Transition
splices are very expensive and time consuming. It might be more economical to
bring the EPR cable into each manhole and terminate it on the switchgear.

There is one network transformer located beyond the Rollstone Street switchgear
(8N13). A section of EPR cable should be run to this transformer such that this
network transformer is fed out of Sawyer Passway (#8 feeder). This piece of
cable is in addition to the existing #8 feeder; extending it from the Rollstone
Street switchgear to pick up this one transformer. The PILC cable tap from the
#8 feeder to transformer 8N13 should be cut and capped.

The most reliable way to operate circuit 8A is to have it closed all of the way from
Sawyer Passway all of the way to Wallace Road. If protection constraints at
Wallace Road do not allow this, then circuit 8A should be opened at the
Rollstone Street switchgear. This will be a good point to open the circuit because
it is where the EPR and PILC cables come together.

6.1.3 Project Steps

A) Install approx. 6350 feet of EPR cable from Sawyer Passway to the
Rollstone Street switchgear on Main Street (New circuit 8A).

B) Remove all switchgear from #8 feeder by tapping around the
switchgear.
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C) Tap the new circuit 8A onto all of the existing switchgear on the #8
feeder.

D) Install 850 feet of EPR cable from Rollstone Street switchgear to vault
190-V on Main Street. This is to pick up network transformer
8N13 on the #8 network feeder.

6.1.4 Project Cost

This project was estimated for budget purposes by FG&E. The overheads
associated with this type of work have been removed. The estimated project

cost is;
$252,153

6.1.5 Justification

The addition of the new circuit 8A will enable all of the radial load to be removed
from the #8 network feeder. The new circuit will also be used to serve circuits 9
and 13 which are 4kV circuits that originate from Electric Station. In the past, it
was the lowest cost alternative to tap the radial load from the network feeders,
but it has since created some problems.

In the present configuration, it is difficult to use the alternate feed for the #8
feeder to serve these radial customers from Wallace Road (ultimately the #1
feeder from Beech Street). In order to use the existing backup, all of the network
transformers need to be switched off of the network and close the alternate feed.
Then all of the radial customers can be picked back up. The network
transformers remain out until the source is switched back to Electric Station. This
makes for a very lengthy restoration effort.

The new design would leave the network customers on the old PILC cable due to
the redundancy of the network. The radial customers will be put on the newer
more reliable EPR cable. It is more beneficial to tap the radial customers off the
newer cable because they do not have the redundancy of the network.

7 4KV DISTRIBUTION CIRCUITS

The main objective of this study is to identify the most cost effective solution to area
distribution needs around the new Sawyer Passway substation site. The construction of a
new substation provides the opportunity to reconsider the use of the old cables as the
source for the circuits originating from Sawyer Passway. As explained earlier in this report,
the 4kV circuits exit Electric Station underground with varnished cambric and PILC (paper-
in-lead insulated) cables. These cables are old and there is not much confidence in there
operation.
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The varnished cambric and PILC cables have proven to be the cause of many problems in
the recent past. Due to the specialized skills required to work on these cables,
underground outages take a long time to restore. The reliability of the system would be
greatly increased if the cables were eliminated from normal operation. The following
projects will detail how the 4kV distribution load, which had originated out of Electric Station,
will be served once Sawyer Passway is built. The old cables no longer in use should be
removed when the equipment in the building is vacated.

7.1 Circuit 1 — 4kV at Electric Station

711

71.2

Circuit 1 Layout

Circuit 1 exits Electric Station underground and serves distribution load in the
vicinity of Middle Street, Worcester Street, Salem Avenue and Nashua Street.
This circuit has existing ties with circuit 2 which is now served out of Pleasant
Street Substation and circuit 10 out of Canton Street Substation. The circuit
diagrams for circuit 1, 10 and 3-4 can be seen if Exhibits L-O.

The underground cable on this circuit is old PILC cable which has experienced
problems in the past. This cable runs from Electric Station, down First Street and
along Water Street to manhole 115C. This is where circuit 1 ties to circuit 2. An
objective of this study is to eliminate the underground cable on this circuit.

In addition to eliminating the PILC cable There are several customers tapped off
of the underground cable on Water Street. This issue will be addressed later in
this study.

There are two straight forward, obvious, and intuitive ways to serve circuit 1: a)
transfer all of the load to circuit 10 out of Canton Street Substation or b) serve
some of the load from circuit 10 and the remainder of the load from step
transformers installed on Feeder 3-4 out of Beech Street.

Transfer a Portion of Circuit 1 (Electric Station) to Circuit 10 (Canton St.)
and the 3-4 Feeder (Beech Street)

The idea behind this project is to serve a portion of circuit 1 by transferring it
directly to circuit 10 out of Canton Street. The remaining portion of the circuit will
be fed from stepdown transformers installed on the #3-4 feeder.

7.1.2.1 Project Scope

Before the portion of circuit 1 can be tied to circuit 10, there is 200 feet of
250 MCM cable which should be removed and replaced with overhead
construction and an airbreak switch. The airbreak will allow this portion of
the circuit to be sectionalized from circuit 10. The 638J disconnects should
be opened in order to eliminate the underground cable on First Street from



Pace 1 &t (0]
Fitchburg Gas and Electric
Sawyer Passway Electric Distribution Study
9-7-99

normal operation. This configuration transfers the Middle Street portion of
circuit 1 to circuit 10, but allows the flexibility to serve this portion of the
circuit from the 3-4 feeder.

Transferring this portion of circuit 1 to circuit 10 will increase the 4kV load
on Canton Street 500kVA to a level of 1.8MVA. The limiting factor on circuit
10 is a set of 200/5 current transformers. Once these CT’s are overloaded,
some of the load on circuit 10 can be swapped to circuit 11. The CT’s do
have an overload rating, therefore the loading on this circuit should be
monitored closely. Circuit analysis shows that these CT’s will become
overloaded in the year 2003. The recloser is only rated for 280A, therefore
that should be watched as well.

The second portion of this project consists of extending feeder 3-4
approximately 800 feet and rebuilding 1000 feet of 3 phase overhead
construction on circuit 1 along Nashua Street to Worcester Street. Three
333KVA 7.97-2.4kV stepdown transformers should be installed on the
corner of South Street and Nashua Street to pick up the remainder of circuit
1. The 333kVA stepdown transformers will be adequate until the year 2008
at which time they will become overloaded and need to be replaced.

This configuration will transfer 500 KVA of load to Canton Street and
approximately 800 KVA of load to Beech Street. Once these changes are
made, the underground cable can be taken out of service.

Before the project is completed, the protection should be reviewed and
updated.

7.1.2.2 Project Steps

A) Circuit 1 - Replace 200’ of 250MCM cable with overhead construction
B) Circuit 1 - Extend three phase down Nashua Street with 336.4 AA

C) 3-4 Feeder - Reconductor 1000 feet of 3-4 Feeder to 336.4 AA

D) 3-4 Feeder - Extend 3-4 Feeder 800 feet with 336.4 AA

E) 3-4 Feeder - Install 3 - 7.97-2.4kV 333kVA stepdown transformers

F) Circuit 1 - Close new disconnects on Water Street (Tie to Ckt. 10)

G) Circuit 1 - Open the 638J disconnects

H) Circuit 1 - Open 6722 (source side) disconnects

7.1.2.3 Project Cost

This project was estimated for budget purposes by FG&E. The overheads
associated with this type of work have been removed. The estimated

project cost is:
$568,235
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7.1.3 Justification

If circuit 1 was transferred in its entirety to Canton Street, the underground cable
would need to be replaced. The decision to split circuit and transfer some of it to
the 3-4 feeder ends up being a more cost effective solution and complements
the future goals of expanding 13.8kV throughout the system.

This proposed circuit split will eliminate the underground cable from normal
operation which will increase the reliability of circuit 1. This cable should be
remove3d when the building is vacated. This is another step towards eliminating
the added expense of 4kV transformation at Sawyer Passway.

7.2 Circuit 2 — 4kV Electric Station

By the end of the year 1999, circuit 2 out of Electric Station will be transferred to circuit
37 (13.8kV) out of Pleasant Street. As a part of this project, 3-250kVA, 7.97-2.4kV
stepdown transformers were added to circuit 37 to feed circuit 2. This circuit diagram
can be seen in Exhibit P.

Circuit analysis has shown that there will be a couple of problems on circuit 37 in the
year 2000. First, the 100kVA stepdown transformer located on Pearl Hill Road will
become overloaded (114%). This transformer should be replaced with a 167kVA
stepdown transformer.

Secondly, a low voltage problem (116.7V) has been identified on Pearl Hill Road. A
100kVAR capacitor bank installed on the corner of Pearl Hill Road and Steward Road
will provide the voltage support necessary to remedy the voltage problem.

In the past, circuit 2 has experienced many problems which were related to the old
PILC cable originating at Electric Station. This project was completed in an effort to
eliminate the old PILC underground cables on this circuit which will in turn increase the
reliability of the circuit.

For the sake of this study, it was assumed that circuit 2 has already been removed
from Electric Station. There are several large customers which are tapped off the
underground cable. All of these customers should be removed from this cable before
the end of 1999.

There is some old cable which has been abandoned due to this project. This cable
should be removed when the building is vacated.
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7.3 Circuit 4 — 4kV Electric Station
7.3.1 Circuit 4 Layout

Circuit 4 originates at Electric Station and serves load in the vicinity of Summer
Street, Winter Street, Boutelle Street, and Jackson Avenue. This circuit has
existing ties with circuit 34 out of Pleasant Street and circuit 6 out of South
Fitchburg substations. The circuit diagrams for circuits 4 and 34 can be seen in
Exhibits Q-R.

Once again, this circuit has old PILC underground cable originating from Electric
Station. The following solution will eliminate the need for this cable during
normal operation

7.3.2 Transfer Circuit 4 (Electric Station) to Circuit 34 (Pleasant Street)

This circuit transfer is actually a very straight forward project. The project will
consist of transferring the existing load on Circuit 4 out of Electric Station to
Circuit 34 out of Pleasant Street Substation. Circuit 4 has an existing tie with
Circuit 34 at pole 1991. Transferring all of the Circuit 4 load to Circuit 34 will
eliminate the need for the old PILC cable.

7.3.2.1 Project Scope

Upon transferring circuit 4 to circuit 34, an overload occurs on circuit 34.
This overload should be fixed by reconductoring 5000 feet of #2 Cu
conductor with 336.4 AA conductor. The reconductoring will begin at
Pleasant Street substation and continue along Lunenburg Street to Boutelle
St. This reconductoring will eliminate the overload on circuit 34 and
eliminate some voltage problems which arise when circuit 4 is tied to circuit
34.

The circuit transfer will add approximately 1.5 MVA onto the Pleasant Street
69-4kV transformer. Circuit 34 has an existing load of 1.1 MVA, so this
transfer will increase this load to approximately 2.6 MVA. The transformer
is rated for 3.5MVA.

The propane plant located at Pleasant Street substation, which does not
always operate, is served by a 300kVA transformer directly off of the 4kV
bus. Even when this plant is in operation, the transformer has future
capacity.

Circuit analysis has shown that there is a voltage problem (117.0 V) on
circuit 4 in the vicinity of Summer Street. A 300kVAR capacitor bank
installed on the corner of Summer Street and Fifth Street will provide
enough voltage support to solve the problem.
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This project is changing the overall configuration of these circuits. When
the project is designed, the circuit protection should be reviewed.

7.3.2.2 Project Steps

A) Circuit 34 - Reconductor 5000 circuit feet (Pleasant St. to Boutelle St.)

B) Circuit 4 - Install 300KVAR capacitor bank on the corner of Summer
St. and 5" St.

C) Circuit 4 - Close the 1191J disconnects

D) Circuit 4 - Open the 286J disconnects

7.3.2.3 Project Cost

This project was estimated for budget purposes by FG&E. The overheads
associated with this type of work have been removed. The estimated

project cost is:
$63,034
7.3.3 Justification

This circuit transfer is an obvious solution to eliminating this 4kV circuit from
Sawyer Passway. The only other place that circuit 4 could be transferred to is
circuit 6 from South Fitchburg substation. The South Fitchburg transformer is
only a 2500kVA unit, therefore, there is not enough capacity to serve circuit 4 as
well. The old 4kV cable originating from Electric Station should be removed
when the building is vacated.

Another solution to serving circuit 4 would be to use stepdown transformers off of
the #40 feeder. The #40 feeder is a uni-point grounded feeder served from
Summer Street. In order to install stepdown transformers on this feeder, they
would have to be fully rated stepdown transformers with sophisticated protection
on both the high voltage and low voltage sides. This would be an extremely
expensive solution. The ultimate goal is to change Summer Street to an
effectively grounded station, therefore this equipment would be wasted.

This circuit transfer is a very straight forward cost effective project. This transfer
will add approximately 1.5 MVA onto the Pleasant Street 69-4kV transformer.
Circuit 34 has an existing load of 1.1 MVA, so this transfer will increase this load
to approximately 2.6 MVA. This transformer is rated for 3.5 MVA, therefore this
transfer still leaves plenty of future capacity at this station.

This project does require some modifications in order to make it work, but the
modifications fall in line with the future goals of this substation. The future goal
for this substation is to convert circuit 34 to 13.8kV. This conversion would need
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to go as far as needed to serve the rest of the circuit with stepdown transformers.
This would eliminate 4kV entirely from Pleasant Street substation. The 69-
13.8kV transformer has enough capacity for this conversion to occur.

7.4 Circuit 9 and Circuit 13 — 4kV Electric Station
741 Circuit9 Layout

Circuit 9 originates at Electric Station and serves the Eim Street, Mechanic
Street, and Academy Street areas. This circuit has existing ties with circuit 13
out of Electric Station, circuit 22 out of Nockege and circuit 35 out of Rindge
Road substation. The circuit 9 diagrams can be seen in Exhibit S.

As with all of the other 4kV circuits out of Electric Station, this circuit has a large
amount of PILC cable. All of this cable should be removed when the building is
vacated. Over the years, the amount of failures has decreased the confidence in
this cable. Once again, this solution will eliminate the need for this cable to be
used under normal operating conditions.

74.2 Circuit 13 Layout

Circuit 13 originates from Electric Station and serves the Willow Street, Blossom
Street, and Mt. Vernon Street areas. This circuit has existing ties with circuit 9
out of Electric Station and circuit 2 out of Electric Station. The circuit 13 diagrams
can be seen in Exhibit T.

Once again, this circuit has some PILC cable originating from Electric Station.
Over the years, the reliability of this cable has been decreasing to a point where
it is justifiable to eliminate this cable.

7.4.3 Serve Circuit 9 and Circuit 13 From New Circuit 8A

Over the years, the #8 network feeder originating from Electric Station has been
used to serve radial load. This has created problems on the network system. A
detailed analysis was developed as a result of several outages on the PILC
cable.

This project is designed to use the new circuit 8A out of Sawyer Passway to
serve the load on circuits 9 and 13. This new underground circuit will be located
nearby on Main Street. Since the side streets up to circuits 9 and 13 have spare
ducts available, this turns into a very economical solution to serving circuits 9 and
13.
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7.4.3.1 Project Scope (Circuit 13)

Part one of this project will consist of serving circuit 13 off of the new circuit
8A using 2 banks of 7.97-2.4kV stepdown transformers. Two stepdown
banks will be required due to loading as well as to increase reliability.

A 500 foot section of EPR cable should be installed from MH 9-A on Main
Street to MH 71-A on Willow Street. A riser pole with 3-333kVA stepdown
transformers should be installed on the corner of Willow Street and Morris
Street. Existing spare ducts will accommodate this.

To serve the remaining portion of circuit 13, a 400 foot section of EPR cable
should be installed from MH 21-A on Main Street to MH 132-A on Pleasant
Street. A riser pole with 3-167kVA stepdown transformers should be
installed on the corner of Pleasant Street and Goodwin Street. Existing
spare ducts will accommodate this.

A 1500 foot, three phase overhead extension on Mt. Vernon Street from
Simonds Road to the stepdown bank will be required to pick up the
stepdown bank. This should be installed with a minimum of 336.4 AA
conductor. The 797 disconnects should be opened to split the circuit. The
circuit diagram for circuit 13 can be seen in exhibit G.

7.4.3.2 Project Scope (Circuit 9)

The second part of this project will consist of serving circuit 9 from the new
circuit 8A. A 600 foot section of EPR cable should be installed from MH 34-
A on Main Street to MH 124-A on Academy Street. Existing spare ducts will
accommodate this.

Two stepdown banks will be installed in order to split up the circuit. Two
stepdown banks are required due to loading and as well as to increase the
reliability of the circuit.

One bank of 3-250kVA stepdown transformers should be installed on Elm
Street at the corner of EIm and Academy Street. Load projections show
that this bank of stepdown transformers will experience an overload in the
year 2004. Loading on this transformer bank should be monitored to
determine if the load projections are correct.

The second set of 3-250kVA stepdown transformers should be installed on
Academy Street at the corner of EIm Street and Academy Street. The
circuit diagram for circuit 9 can be seen in exhibit H.
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7.4.3.3 Project Steps
Circuit 13

A) Install 500’ of EPR cable from MH 9-A (Main St.) to MH 71-A
(Willow St.)

B) Install riser pole and 3-333kVA stepdown transformers on the corner
of Willow Street and Morris Street

C) Install 400’ of EPR cable from MH 21-A (Main St.) to MH 132-A
(Pleasant St.)

D) Extend three phase (1500’) overhead on Mt. Vernon Street, down
Weymouth Street, Goodwin Street, to Pleasant Street

E) Install riser pole and 3-167kVA stepdown transformers on the corner
of Goodwin Street and Pleasant Street

F) Open 797 disconnects to split up circuit

Circuit 9

A) Install 600" of EPR cable from MH 34-A (Main St.) to MH 126-A
(Academy St.)

B) Install a riser on Academy Street

C) Install 3-250kVA stepdown transformers on Academy Street

D) Install 3-250kVA stepdown transformers on Elm Street

E) Split circuit between the two stepdown banks

7.4.3.4 Project Cost

This project was estimated for budget purposes by FG&E. The overheads
associated with this type of work have been removed. The estimated

project cost is:
$148,571

7.4.4 Justification

The design of this project will utilize the new circuit 8A which is already required
for different reasons. This new circuit would be underutilized if it only served the
radial load taken off of the network system.

By using the new circuit, it is beginning to expand 13.8kV north through the
system. This will help facilitate the ultimate goal of eliminating the 4kV
substations and replace them with 13.8kV circuits.

The reason for two sets of stepdown banks on each circuit is two-fold. One, the
amount of load on these circuits is approximately 1500kVA each. At this load
level, it is easier to install two stepdown banks rather than try to install one. The
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second reason for multiple stepdown banks is reliability. The more stepdown
banks there are serving a circuit, the more reliable the circuit is.

Both portions of this project would also work with the use of padmounted
transformers. The difficulty with padmounted transformers is the fact that an
easement needs to be purchased and a pad poured in order to place the
transformer. Both options should be considered when this project is engineered.

Another solution to serving circuits 9 and 13 came from circuit 35 out of Rindge
Road. Circuit 36 out of Rindge Road has been converted to 13.8kV to serve the
new school. The idea was to extend the conversion to circuit 35 and pick up
circuits 9 and 13. This would require reconductoring on the #41 Feeder out of
Wallace Road. This line would need to be reconductored while it was energized
because it is the only supply to Rindge Road.

The long term goal for Rindge Road is to convert it to a 69-13.8kV substation,
therefore, the reconductoring would be wasted. This would be an extremely
expensive project due to the conversion to 13.8kV and live line reconductoring.

Many different alternatives were looked at in determining how to serve both of
these circuits. The future goal for these circuits will be to keep converting them
to 13.8kV as voltage and loading problems arise.

7.5 Capital Budget Project Summary

Project Cost

Circuit 1 Transfer $ 58,235
Circuit 4 Transfer $ 63,034
New Circuit 8A $ 252,153
Circuit 9 & 13 Transfer $ 148,571
Total $ 521,993

8 SYSTEM IMPROVEMENTS

Circuit analysis for this study has revealed some problems which are not directly related with
the Sawyer Passway project. While these problems were identified, they were not fully
examined to determine the most cost effective solutions. The suggested solutions below
are possible solutions, but each problem should be analyzed again to determine the most
cost effective system improvement options.

Each problem identified is accompanied by the year in which a system improvement is
required. These problems assume the new system configuration.
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Year | Circuit Sub Location Problem System Improvement Option
2000 26 W. Fitchburg | Sheldon Rd. | LOW Voitage 100kVAR Cap on Sheldon Road
(114.0V)
Ashburnham Low Voltage Recon. 4000’ of #6 Cu to
2000 22 Nockege Hill Rd. (109.4V) 336.4 AA
100kVAR Cap corner of
Ashburnham Low Voltage . -
2000 22 Nockege Hill Road (115.8V) Ashburnham ng:d. and Williams
S/S to Kimball Overload Reconductor 1300’ of 1-1/0
2000 24 Nockege st (120%) ACSR+2-#6 Cu to 336.4 AA
Beech St. Overload Replace 3-250kVA steps w/
2000 14 (Feeder#1) | FrattRoad (119%) 3-333KVA steps
Low Voltage 300kVAR Cap corner of
2002 | 4(34) | PleasantSt. | Summer St (115.5kV) Summer St. and Milton St.
Sawyer Overload Replace 3-250kVA steps with
2004 9 (8A) Passway Eim St. (103%) 3-333kVA steps
Increase 100kVAR cap to 200kVAR
2006 22 Nockege Ashburnham Lo(\q/1\€/sozlt\:;§;e cap corner of Ashburnham Hill Rd.
Hill Road ' and Williams Rd.
Beech St. Overload Replace 3-333kVA steps with
2006 14 (Feeder#1) | FrattRoad (103%) 3-500KVA steps
Beech Street Overload Replace 3-333kVA steps with
2008 ! (3-4 Feeder) | MNashuaSt (104%) 3-500kVA steps
Pearl Hill Overload Replace 100A regulator with 150A
2008 37 Pleasant St. Road (102%) regulator
2011 | 4(34) | PleasantSt | Boutelle St "?1"‘; X%'Iifge AL regulators on cormer of
2011 4 (34) Pleasant St. | Townsend St. L"(‘;‘q\fg\‘jﬁe 300kVAR cap on Townsend St.
2011 26 W. Fitchburg | Sheldon Road "‘2"1"1\;°2"3§36 Increase 100kVAR cap to 200kVAR
. . Overload Reconductor 100’ of 3-#2 Cu to
2012 26 W. Fitchburg River St. (107%) 336.4 AA

9 SAWYER PASSWAY SUBSTATION

The new Sawyer Passway site will be located on the same parcel of land as Electric Station.
The new station will be a 69-13.8kV Delta-Way effectively grounded station. There has
been an ongoing effort to install neutral conductors on all of the overhead and underground
facilities which are not effectively grounded. This will include effectively grounding Summer

Street substation which is uni-point grounded through a resistor.

The proposed configuration for Sawyer Passway is a two transformer line-up with one 69kV
transmission line (06 Line) as the 69kV only source. The ultimate goal is to have two 69kV
lines from Summer Street serving Sawyer Passway. The backup for Sawyer Passway will

come from the 3A and 9 feeders to Summer St.
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The 13.8kV bus will be required to have a minimum of 9 circuit/feeder exits. Space should
be left for future circuit/feeder exits. These will be a combination of overhead and
underground exits. It has yet to be determined how these exits will be designed.

EFFECTIVELY GROUNDED SYSTEM

In and effectively grounded system, the ratio of the zero sequence reactance to the positive
seqguence reactance should be kept below 3 (X0/X1 < 3) and the ratio of the zero sequence
resistance to positive sequence reactance should be kept below 1 (R0/X1 < 1). These ratios
limit the voltage rise experienced under fault conditions.

The benefits of an effectively grounded system are to enable lower insulation levels,
eliminate arcing grounds, double faults are unlikely, lightening protection will operate more
efficiently, and with proper considerations effectively grounded systems be connected to
resistance and reactance grounded systems.

10.1 Existing System Configuration

The existing configuration at Electric Station is a 69-13.8kV Wye-Delta transformer.
This means that the Electric Station is not grounded at all. Summer Street is uni-point
grounded through a grounding resistor. The future goal is to effectively ground Sawyer
Passway and Summer Street.

10.2 System Modifications

To establish an effectively grounded system at Sawyer Passway, the following system
modifications are required. 69-13.8kV Delta-Wye transformers should be installed.
This will decrease the ratios to the point where the substation is considered to be
effectively grounded.

In order to effectively ground the URD cables, the lead sheaths (PILC cable) and the
1/3 copper strapping (EPR cable) should be bonded at all splices. An additional piece
of 4/0 Cu ground wire should be installed in the manhole and duct bank system. The
lead sheaths and 1/3 copper neutrals should be bonded to the additional
neutral/ground conductor. This will ensure ground conductor continuity. Where the
condition of the neutral conductor is in question, the wire should be replaced before
energizing Sawyer Passway due to increased fault currents.

The existing work practices by FG&E on overhead construction appear to be adequate
when it comes to effectively grounded circuits. The following points should be enforced
on overhead construction: 1) always use a ground rod at all equipment locations and
2) a minimum of 4 ground rods should be installed for each circuit mile.

Establishing an effectively grounded system at Summer Street substation will not be as
straight forward as Sawyer Passway. Summer Street does not need to be effectively
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grounded in order to put Sawyer Passway in service. For protection purposes, it is in
the best interest of the system to effectively ground Summer Street within the next
several years.

11 FINAL SAWYER PASSWAY CONFIGURATION

The final system configuration will have successfully removed all of the 4kV circuits from
Sawyer Passway substation. This was accomplished by transferring:

Circuit 1 to Feeder 3-4 and Circuit 10
Circuit 2 to Circuit 37
Circuit 4 to Circuit 34
Circuit 9 to Circuit 8A

Circuit 13 to Circuit 8A

A new circuit 8A will be installed from Sawyer Passway and connect back into the #8
network feeder. This circuit will be used to remove the radial load from the #8 network
feeder. There will be two radial customers remaining on the network system once the
project is completed.

The GE building is not in use right now, but upon development, may also be removed from
the network system. The service requirements at the time will govern how the building will
be served. The library is now served off of the network. This load can be placed on either
circuit 8A or the secondary network system. The most economical solution should be used.
This study does not detail a plan to remove the library from the network system.

All of the network feeder positions (8,10A, and 11) will be maintained in the new substation.
The 10/113 breaker position splits into feeders 10A and 10B. When designing the new
substation, it is recommended to have separate breaker positions for feeders 10A and 10B.

The backup feeders to Summer Street substation (3A and 9) will also be maintained. The
new configuration will have the 3A and 9 feeders operated in the normally open position with
an automatic closing scheme. This will eliminate the need for higher equipment ratings due
to increased fault current. This will also eliminate circulating current between Sawyer
Passway and Summer Street substations under light loading conditions.

The #7 feeder was tested around the end of 1998. This feeder is a 13.8kV tie between
Beech Street and Electric Station. The testing of this cable identified that the cable is no
longer suitable as a tie and should be decommissioned. Therefore, a breaker position will
not be maintained at the new substation.

Feeders 10 and 17 are 13.8kV feeds to Nockege Substation. Both of these breaker
positions will be maintained in the new substation design. All in all, 9 breakers are required
for circuit/feeder exits.
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12 ACTION ITEMS

CIRCUIT PROJECT COMPLETION

DATE

1 Circuit Transfer 9/1/00
37 Circuit Improvements to Eliminate Overloads and Voltage 6/1/00

Problems

4 Circuit Transfer 9/1/00
8A New Circuit 9/1/00
9 Circuit Transfer 9/1/00
13 Circuit Transfer 9/1/00
14 Replace Stepdowns — Overload 6/1/00
22 Circuit Improvements to Eliminate Voltage Problems 6/1/00
24 Reconductor to Eliminate Voltage Problems 6/1/00
26 Capacitor Installation 6/1/00

13 CONCLUSION

In conclusion, through the use of the economical projects detailed in this report, all of the
4KkV circuits which originate out of Electric Station can be served from other sources. The
added substation cost for maintaining the 4kV circuits at Sawyer Passway was estimated at
one million dollars without overheads.

For half of the price of the substation work, all of the 4kV circuits can be served from other
sources. These project not only remove 4kV from Sawyer Passway, they also fix several
system problems.

The new circuit 8A project remedies a problem which has been detailed in several system
studies. This project eliminates all of the radial load off of the #8 feeder which increases the
reliability and decreases the restoration time. This would be an expensive project if it was
only designed to remove the radial customers from the network. This project becomes more
economical because it will be used to serve two 4kV circuits (9 and 13) which now originate
out of Electric Station.

This report has detailed four economical projects. Several other alternative were analyzed,
but based upon use of existing facilities, age/condition of plant and providing room for
growth, these four projects have become the best projects.
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EXECUTIVE SUMMARY

The purpose of this study was to develop a conceptual, long term, cost-effective system
expansion and development plan for the electric transmission and distribution facilities currently
existing at the Electric Station and emanating from Sawyer Passway. This work is necessitated
by the environmental remediation activity to be undertaken at the site.

The following goals and objectives formed the basis of the study:

] Maximize the capability of the existing transmission and distribution facilities.

® Provide automatic voltage control.

. Adhere to Unitil’s planning guidelines and/or industry accepted standards.

L Establish an effectively grounded system for the 13.8kV circuits presently emanating
from the Electric Station.

) Remove the radial loads from the network feeders in the downtown area of Fitchburg.

In accordance with Unitil guidelines, make provisions for using FG&E’s existing mobile
and spare equipment.

Since it will be retired within a few years, the operation of the #7 turbine generator which is
located at the Sawyer Passway site was not considered in our analyses.

The following three scenarios were investigated:

1. Install a new 69kV/13.8kV/4.16kV substation at the Sawyer Passway site.

2, Install two new substations, one at the Sawyer Passway site and one adjacent to the
existing Wallace Road Substation site (on FG&E owned land). To supply the Wallace
Road site, a double circuit 69kV transmission line would be extended from the River
Street substation to Wallace Road.

3. Install a new 69kV/13.8kV substation at the Wallace Road site. Some of the existing

Electric Station loads will be transferred to this new site and some to the Summer Street
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Substation. The 4kV circuit loads at the Electric Station would be transferred to 4kV
circuits supplied from other substations, converted to 13.8kV or supplied by step down
transformers. A double circuit 69kV transmission line would be extended from the

River Street Substation to the Wallace Road site.

Based upon our review, we recommend the instalfation of a new 69kV/13.8kV/4.16kV
substation at the Sawyer Passway site and in the vicinity of the existing cooling tower, which is
scheduled for demolition. Voltage regulation would be provided by transformer on load tap
changers on each of two 10/14 MVA transformers. The estimated cost for this installation is
$3.0 million.

Our recommendation is based on the following:
1. Most cost effective.

2. Best use of existing 69kV transmission facilities, as well ag the existing 13.8kV and
4.16kV underground station getaways.

3. Will take full advantage of existing station ties between Sawyer Passway, Beech Street
Substation and Summer Strect Substation.

4. Very good site location; clean and flat with easy access.
5. Future site developer will have ready access to reliable power supply.

6. Will eliminate the need for future 69kV/13.8kV substation at Wallace Road site.

7. An additional long term advantage is that it will facilitate the transfer of load and will
ultimately eliminate the need for the Wallace Road and Nockege Substations. Both of
these stations are old and, if not replaced, in need of significant upgrade. Part of this
load could also be supplied by the Beech Street Substation. The new Princeton Road

Substation is presently supplying some of the former Beech Street load.
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We would recommend that FG&E consider the use of a single 21/28/35 MVA transformer rather
than the two 10/14 MVA transformers in order to achieve a savings of approximately 10%. If
FG&E is interested in considering this approach, it should be addressed in more detail in the

follow-up studies.

It is also recommended that FG&E investigate the re-commissioning of Feeder #7 which runs
direct between the Electric Station and the Beech Street Substation. This would provide
additional backfeed capabilities.

In order to support FG&E's enhancement of the downtown secondary network system, we
recommend that Feeder #8 be used to supply the radial loads presently connected to the network
Feeders 10-113 and 11. In addition, Feeder 8's network loads should be transferred to Feeders
10-113 and 11. The only non-network load remaining on these feeders will be the General
Electric Company (Feeder 11). In the long term, as load is transferred off of Nockege
Substation, the General Electric Company should be transferred to Feeder 10 as the primary
supply and, as at present, backed up by Feeder 17 via an automatic transfer scheme.

To establish an effectively grounded system, it is recommended that: (1) a delta-grounded wye
69kV/13.8kV transformer be installed at the proposed new Sawyer Passway Substation; (2) a
new 4/Q bare copper conductor be installed in the manhole and duct bank system emanating from
the Sawyer Passway site and bonded to the existing ground wire to ensure ground/neutral
continuity throughout the system and; (3) to verify (or provide where necessary) the
neutral/ground wire is continuous in the overhead portions of the circuits.

[0]
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II.  REVIEW OF EXISTING FACILITIES

Sawyer Passway/Electric Station

In accordance with our scope of work, we conducted a physical review of the electric facilities
at this site. We have concluded that with the possible exception of the transformers being used
as spares, the major electric components have no value for re-use in any of the proposed
expansion plans. The age of the equipment (30 to 50 years old), lack of availability of spare
parts and condition (serious deterioration, in many cases) make them unsuitable for any further
consideration. The 69kV to 13.8kV and 13.8kV to 4.16kV transformers may have some value
as spares, depending upon their condition (verified by electrical tests) and whether or not they
would be suitable for other FG&E locations. The final determination should be made in the
more detailed follow-up study.

Per our discussion with FG&E personnel, the existing 13.8kV and 4.16kV paper insulated lead
cables (PILC) have been determined to be in very good condition based on independent
laboratory tests. Therefore, these cabled would be suitable for re-use.

We have also been advised that the manhole and duct bank system (including the concrete
encased duct bank crossing over the Nashua River) is also in good condition and is suitable for

continued use.

Wallace Road/Nockege Substations

While a more cursory review was made of this equipment, it appears that the age and a limited
amount of maintcnance has taken its toll on this equipmem. While still serviceable, it is
recommended that this equipment be gradually phased out and the loads transferred to adjacent
substations within the next three to six year period. These loads can be transferred to the Beech
Street Station and the proposed new substation at Sawyer Passway.
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In the course of our investigation, three different schemes were identified and analyzed. Due

to the age and condition of the existing equipment, its re-use (with the exception of possible use

as spares) was eliminated from consideration in any of the schemes.

The first scenario looked at was a new substation located at the Sawyer Passway site. This
approach maximizes the use of existing 69kV transmission facilities, as well as the 13.8kV and
4.16kV distribution circuit main getaways. This location also provides a good, clean level site.
It also proved to be the most cost effective and will provide a ready source of power for future
site development. It should also eliminate the need for a future substation at the Wallace Road
site. In fact, it will facilitate the ultimate elimination of the existing Wallace Road and Nockege
Substations. This location would also take advantage of the strong ties already existing between
the Summer Street Substation, Beech Street Substation and the Electric Station.

We also looked at the option of installing a single, large transformer (21/28/35MVA) at this
location rather than two 10/14MVA units. Our preliminary review indicated that savings of
approximately 10% could be realized. A more detailed analysis, including firm price quotes,

would be required to more accurately determine the amount of savings.

The second major alternative investigated was a variation of the first scheme. Instead of a single
substation at the Sawyer Passway site, the instaflation of two smaller substations was
investigated; one to be installcd at the Sawyer Passway site and a second at the Wallace Road site
where FG&E owns additional land adjacent to the existing substation. This scheme would also
require that the 69kV transmission systcm be extended from the River Street Substation to the
Wallace Road site, a distance of approximately 0.5 mile. Our estimated cost for this
transmission line cxtension was based on a double circuit steel pole configuration. The new
Wallace Road Substation would supply the loads presently served by the existing Wallace Road

Substation, as well as the loads at the Nockege Substation,

The new Sawyer Passway Substation would supply Feeders 8, 10-113 and 11. as well as the



O 3D 469
)0330?64107

existing 4kV load at the Electric Station. One of the drawbacks to this scheme is the suitability
of the Wallace Road site. Our concerns are based on the significant elevation changes, the
narrowness of the site and its proximity to the street which lends itself to potential vandalism.
The use of this site would result in higher engineering and construction costs. Providing access
to FG&E’s mobile station equipment will also be more difficult.

The third scheme investigated was the installation of a new 69kV/13.8kV substation at the
Wallace Road site. The objective of this approach was to provide a totally clear site at Sawyer
Passway. The majority of the existing Electric Station loads would be transferred to this
substation and the remaining load to the Summer Street Substation via Feeders 3A and 9. Since
this scheme would require more space than scheme 2, this raises even greater concerns over the
suitability of the site. In addition, with this scheme, the existing backup capability between the
Beech Street Substation, the Summer Street Substation and the Electric Station site are lost.

The cost estimates for these schermes are included in Section IV.
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Construction cost estimates have been prepared for the various alternatives that have been

investigated. Substation costs and transmission line costs are listed separately.

1. New Substation at Sawyer Passway Site

Transformers: 2 - 10/14 MVA, 69%kV/13.8kV with OLTC
and 1 - 5§ MVA 13.8kV/4.16kV

2 Circuit Switchers - 1200 AMP, 72.5kV

15kV Metal Clad Vacuum Switchgear Lineup - 15 Pogition
5kV Metal Clad Vacuum Switchgear Lineup - 6 Position
Prefabricated Metal Building

Civil/Structural - Grading, Fence, Grounding, Foundations,
Oil Containment, Terminal Structure

Electrical - Misc. 69kV Switches, Mobile Sub Taps, Cap
Banks

Electrical Installation, Testing, Commissioning
Cable Getaway Ties to Existing Systems
Engineering, Project Management

SUBTOTAL:

Contingency - Approx. 15%

TOTAL:

75,000
450,000
202,000
100,000

350,000

170,000

500,000
170,000
$_215.000
$2,892,000
$_408.000
$3,300,000



a. Transformers: 2 - 10/14 MVA, 69KV/13.8kV with OLTC
and 1 - 5 MVA 13.8kV/4.16kV

b. 2 Circuit Switchers - 1200 AMP, 72.5kV

c. 15kV Metal Clad Vacuum Switchgear Lineup - 20 Position
d. 5kV Metal Clad Vacuum Switchgear Lineup - 6 Position
e. . Prefabricated Metal Building

f. Civil/Structural - Grading, Fence, Grounding, Foundations,
Oil Containment, Terminal Structure

g. Electrical - Misc. 69kV Switches, Mobile Sub Taps, Cap
Banks

h. Electrical Installation, Testing, Commissioning
i Cable Getaway Tics to Existing Systems
j- Engineering, Project Management
SUBTOTAL:
Contingency - Approx.. 15%

TOTAL:

75,000
600,000
202,000
150,000

525,000

400,000

750,000
300,000
$ _400.000
$4,002,000
3__598.000
$4,600,000



3. New Substation at Wallace Road Site

a. Transformers: 2 - 10/14 MVA, 69kV/13.8kV with OLTC $ 500.000
and 1 - 5 MVA 13.8kV/4.16kV
b. 2 Circuit Switchers - 1200 AMP, 72.5kV 75,000
c. 15kV Metal Clad Vacuum Switchgear Lineup - 15 Position 450,000
d. Prefabricated Metal Building 100,000
c. Civil/Structural - Grading, Fence, Grounding, Foundations, 450,000
Oil Containment, Terminal Structure
{,  Elcotrical - Misc. 69KV Switches, Mobile Sub Taps, Cap 325,000
Banks
g Electrical Installation, Testing, Commissioning 500,000
h. Cable Getaway Ties to Existing Systems 250,000
i. Engineering, Project Management $ _300.000
SUBTOTAL: $2,950,000
Contingency - Approx.. 15% $__450.000
TOTAL: $3,400,000
4.
a. Transmission Line - (For Pricing Details See Attached $ 323,000
Cost Breakdown at end of this section)
b. Deadend Structures - River Street and Wallace Road § _100.000
TOTAL.: $ 423,000

Estimates 5. and 6. are for information only and may be helpful for future planning.



a. Transmission Line (For Pricing Details See Attached Cost $2.067.000
Breakdown at end of this section)

b. Deadend Structures - Wallace Raad and Rindge Road $ 100.000

TOTAL: $2,167,000

a. Transmission Line (For Pricing Details See Attached Cost $ 211,000
. Breakdown at end of this section)
b. Deadend Structures - Summer Street and Sawyer Passway 200,000

Switching Facilities at Sawyer Passway
TOTAL: $ 411,000

Transfer of Electric Station 4KV Loads

If a new substation is not installed at the Sawyer Passway site, the existing 4kV Electric
Station loads would have to be transferred to a new source of supply. While a
comprehensive, detailed study of the preferred methods of transferring the loads was not
undertaken, it is assumed that the existing 4kV loads would be transferred to adjacent
feeders, converted to 13.8kV or supplied by stepdown transformers. We have estimated
the costs at approximately $250,000 per circuit for each of the five circuits or
$1,250,000 total.

Recommended Plan: New Sawyer Passway Site $3,300,000
Sawyer Passway and Wallace Road Substations $4,600,000
Deadend Structures and Transmission Line Costs 423.000

TOTAL: $5,023,000
Wallace Road Substation $ 3,400,000
Deadend Structures and Transmission Line Costs 423,000
Cost to Transfer Electric Station 4KV Loads 1.250,000

TOTAL: $5,073,000

10
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CLIENT: FITCHBURG GAS AND ELECTRIC Date: 04/04/97
SUBJECT: 69 kV Double Circuit Transmission Lines..................ccooveveerrenirveeenenn. By: PEB
FILE: FGREEST1.WK4 Chk'd: AD

Line Description |

Voltage - 69 kV

Rating Per Circuit - 30 MVA, Even Loading
| Length of Section - 2,600 feet

Number of Conductors Per Phase - |
Condustor Sizc, $56.5 kCmil, ACSR
Shield Wire- 1- 3/8" EHS

'Tower type - Double Circuit Steel Pole
Avorage Spen Length - 438 foot

Overall Tower Height - 80-90 feet
Foundation Type - Direct Bury and-Caissan
Insulation - Ball & Socket, Poroelain

1. No cost is included for the Termination Structures at either end of the line.
. The right-of-way will be provided by FG&E.
. The cost estimate does not include the following items: Cost of right-of-way,

3.
6.
7. No archeological sites are assumed along the right-of-way. No cost associated

cost for obtaining right-of-way, and cost of hiccusing.

. No cost included for the removal, testing, or disposal of any hazardous materials

encountered during excavation. No hazardous materials anticipated.

The right-of-way is 60 foct wide, and will be clearod for the full length.

No coat is included for rock removal.

with this item is included.

Insulation I Stri 8. The Owner's administration cost and interest during construction are not included.
Description of Structures Line Angle | Overall Hat, ft | Weight, Ibs. | Foundation size | Comment
Bxisting Lattice Structure at River St. Sub
Str. No. A, Strain Angle 20 80 13,400 S' Dia. x 15 foet | Self Supporting
$tr. No. B, Strain Angle 20 80 13,400 5' Dis. x 15 feet | Self Supporting |
Str. No. C, Suspension 0 90 4,300 Diroct Bury-11' | Light Duty
Str. No. D, Suspension 0 90 4,300 Direct Bury-11' | Light Duty
Str. No. E, Suspension 0 %0 4,300 Direct Bury-11' | Light Duty
A-Frame at Wailace Road Sub
Estimated Material Labor Total M & L
Cost Htem Unit Tatal Unit Total
Steel Poles, units = Ibs.
Sts. A& B 1.05 28,000 0.50 20,000 48,000
Stre. C,D&E 1.05 14,000 0.50 13,000 27,000
Foundstions, units = foet
Strs. A& B 800 24,000 24,000
Sus.C,D,E 250 8,000 8,000
Hardware & Insulator, units = cach str.
Suspension - 3 Total 1,000 3,000 1,000 3,000 6,000
Strain - 2 Total 3,000 6,000 2,000 4,000 10,000
Conductors, units = feet 0.90 18,000 2.53 39,000 57,000
Shicld Wire, units = feet 0.40 1,000 0.76 2,000 3,000
|Grounding & Signs, units = each 200 1,200 200 1,200 2,400
Clesring ,Testing, Removal, & Cloan-up 16,000 8,000 8,000
Acoess to Structures, units = feet 3.00| 7,000 3.00 7,000 14,000
Total Direct] 78200] . T 129200] . 207400
Railroad Flagmen, Traffic Control 3.000 3,000
Contractor's Indirect ( 8% of Direct) 6,000 10,000 16,000
Total Indircct]. 6:000] 13,000 19,000
Total Direct + Indirect] _R4000] o 142.000) 226,000
Surv, Eng, CM, & Permits (25% of Direct) 20,000 ) 32,000 52,000
Contingency (15% of Direct + Indirect) 17,000 - 28,000 45,000
Totals Surv,Eng CM, Permits & Contingency 37,000 60,000 97,000
TOTAL ESTIMATED COST 121,000 323,000

202,000
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ALUMINUM COMPANY OF AMERICA SAG AND TENSION DATA

Conductor PARAKEET 556.5 Kemil 24/ 7 Stranding ACSR

AREA= .4938 Sg.In.
Data from Chart No. 1-889%
Bnglish Units

SPAN= 450.0 Feet Heavy Loading
Creep is NOT a Factor
Design Points Final Initial
TEMP ICE WIND K WEIGHT SAG TENSION SAG TENSION
F In Psf Lb/F Lb/F Ft Lb Ft Lb
0. .50 4.00 .30 2.019 13.47 3813. 12.83 4000.*
30. 1.50 2.00 ...00 5.262 16.42 8169. 16.42 8169.
60. .00 6.00 .00 .850 14.05 1539. 13.13 1647.
-20. .00 .00 .00 717 11.51 1583. 10.47 1739,
0. .00 .00 .00 .717 12.15 1499, 11.13 l636.
30. .00 .00 .00 . 717 13.07 1395. 12.08 1508.
60. .00 .00 .00 . 717 13.93 1309. 12.98 140S5.
90. .00 .00 .00 717 14.71 1240. 13.83 13189.
120. .00 .00 .00 .717 15.15 1205. 14.64 1246.
176. .00 .00 .00 . 717 15.96 1145. 15.96 1145.
284. .00 .00 .00 717 17.41 1051. 17.41 1051.

t+ Design Condition
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SUMMARY AND RECOMMENDATION

Of the three alternative schemes investigated, the installation of a new substation at the Sawyer
Passway Site has both technical and economic advantages over the other two schemes. It best
utilizes existing facilities; it provides strong circuit ties with the Beech Street and Summer Street
Substations; it has a clear, level site; it provides a readily available power supply to future site
development and at a cost savings of approximately 30% over the alternative schemes. These

savings do not include the cost of extending the transmission lines to the Wallace Road site,
which total an additional $423,000. It was assumed this extension would be required to supply

the future Rindge Road site.

In our opinion, a major drawback to using the Wallace Road location is the unsuitability of the
site due to the significant end-to-end elevation changes, the narrowness of the site and the
susceptibility to vandalism.

While Scheme 2, the installation of two substations, one at Wallace Road and one at the Sawyer
Passway site provides a slightly higher level of reliability, the site vulnerabilities, as well as the
additional costs, cannot be justified in our opinion..

Scheme 3, the installation of a new substation at Wallace Road, has the same or greater site
problems as Scheme 2, and additionally the strong ties with the Summer Street substation are
diminished.

Based on the above, we recommend the installation of a new substation at the Sawyer Passway

site in the vicinity of the existing cooling tower (scheduled for demolition) at an estimated cost
of $3,300,000.

11
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Existing System

Electric Station was originally a generation plant and currently utilizes equipment rated for line-
to-line voltage as the system was originally delta connected.

With the addition of two (2) subtransmission ties to Summer Street, a low resistance grounded
substation (6.6 ohm transformer neutral resistor), the Electric Station system is considered low
resistance whén these lines are closed. This enables over current ground protection to be used
on the Electric Station feeders and limits ground fault currents to 1200 amps.

Electric Station currently has feeders that supply a secondary network and radial feeders. The
secondary network transformers are all delta connected at the primaries. Radial loads also have
delta connected primaries. The radial feeders continue on and feed the Nockege Substation.

System Conversion to Effectively Grounded

The objective of the new system is to establish an effectively grounded system. The benefits of
an effectively grounded system are: equipment insulation may be graded, arcing grounds are
unlikely, double faults are unlikely, lightning protection will be at the highest efficiency and
lowest cost, minimum radio influence and can be connected to reactance grounded systems and,

with proper attention to relaying, connected to resistance grounded systems.

If the intent of the neutral grounded system is to limit sustained over voltages to 140% of line-to-
ground voltages such that grounded-neutral arresters may be used, the system impedance
characteristics should be as follows: The ratio of the zero sequence reactance to the positive
sequence reactance should be kept below 3 (X0/X1< 3) and the ratio of the zero sequence
resistance to the positive sequence reactance should be kept below 1 (RO/X1 < 1).

The impedance ratios are important as the ratio limits imply that line-to-ground voltages will not

exceed 1.4 times normal value under normal, emergency or faulted conditions. Only when the

12
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maximum voltage is limited to 1.4 times normal may the economic benefits of insulation grading

and grounded-neutral arresters may be implemented.

To convert the existing system to an effectively grounded system the following is recommended:

1. Change Substation Transformer Connection to Delta primary - Wye solidly grounded.

In order to lower the X0/X1 and R0O/X1 values the transformer connection must be
changed from Wye-Delta to Delta-Wye. Below is a comparison of the two winding

configurations in the same operating scenario. This is to illustrate the effect of the

change in the winding configuration. (Refer to Item 5, Follow Up Work)

The existing source impedance at Electric Station with Wye-Delta Transformer is:

R1

X1

RO

X0

X0/X1

RO/X1

0.048

0.637

229

1.51

2.37

35.9

Due 10 the excessive R0/X1 value the existing system is not considered to be effectively

grounded.

The new source impedance at the proposed new Sawyer Passway substation with a Delta-
Wye transformer is:

R1

X1

RO

X0

X0/X1

RO/X1

0.055

0.675

0.077

0.801

1.19

0.114

The ratios have been reduced to the levels required to be classified as an effectively

grounded system.

13
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Underground Cable
A. Paper Insulated Lead Covered (PILC) Cable

Underground PILC cable utilizes a lead sheath in which may be used for neutral
return and fault currents. Based on the information supplied by FG&E i.c., all
splices in all manholes are bonded and grounded indicates that the sheath is used
for return and fault currents. This is ideal for an effectively grounded system
and this practice should continue. The lead sheath surrounds the conductor in

" its entirety and is continuous in its length. Therefore, should a line-to-ground
fault occur, the conductor bolts to the sheath and the sheath carries the fault
current to the first ground/earthing point. After this point, both the earth and
the sheath carry the fault current back to the substation or source.

B. Underground EPR Cable

Unlike PILC cable EPR cable does not have a sheath. However, the cable has
a one-third flat copper strap neutral surrounding each phase. This strap is used
for carrying neutral currents and fault currents. Similar to the PILC lead sheath
the flat copper strap should be bonded at every splice at every manhole.

C. Separate Underground Neutral Conductor

Duct banks from Electric Station presently have a separate bare copper
conductor that is bonded to all PILC sheaths and grounded in each manhole.
Due to the addition of single phase loads and the anticipatcd increasc in ground

fault current we recommend that this practice continue.

To ensure neutral and ground conductor continuity, we recommend that a new
4/0 AWG bare copper conductor be installed between the proposed new Sawyer
Passway Substation and Nockege Substation and bonded to the existing

grounding conductor in the manhole and duct bank system..

14
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In areas where the condition of the neutral conductor is in question we
recommend that it be repaired or replaced prior to the change from a resistance
system to a solidly grounded system. It is imperative that the neutral system be
in the best condition possible prior to the change due to the increase in neutral
and ground fault currents. This is especially important for all subtransmission
cables to ensure a low resistance path exists for neutral and ground fault

currents.
Overhead Construction

Based upon the construction standards submitted, Hendrix and 8-Pin cross arm
construction with a common neutral to primary and secondary circuits utilizing 336
ACSR phase conductors and 1/0 AWG ACSR neutral conductors appear to be adequate.

The neutral is to be grounded by ground rod at all equipment locations and bonded to
the cable sheath and neutral at all riser locations. A minimum of four (4) ground rods
per circuit mile should be installed.

Ground Over Current Protection

Ground over current protection must be instatled to isolate subtransmission and faulted
distribution circuits to limit equipment damage and minimize the number of customers
effected by the outage.

Ground over current protection may be limited due to load imbalances between the
phascs. The relay may reach 80 to 90 percent into the circuit length that it is protecting.
However, as the reach increases, the sensitivity to unbalanced loads also increase and

false tripping could result.

The daily circuit load sheets provided to us by FG&E indicate that, were there are single
phase loads, the circuits appear to be well balanced. When undertaking contingency

15
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planning, the balance of a section of transferred load must be taken into consideration

to ensure that the neutral current does not exceed the relay setting.

Follow Up Work

A. During the follow up design phase a study should be undertaken to identify the
following:

I. System Electrical Short Circuit Study

The study should include modeling of the 69kV, the proposed new
Sawyer Passway Station, Summer Street and the distribution circuits to ensure
that voltages at any point in the distribution system will not exceed 1.4 times
normal line-to-ground voltages for any operating condition.

The study will determine the optimum impedance of the new Delta-Wye
transformer, identify abnormal operating conditions and make recommendations
to eliminate the condition, determine the adequacy of new and existing breaker
ratings at the proposed Sawyer Passway and Summer Street Substations.

2. Summer Street Station

Summer Street Station is currently resistance grounded through a 6.6
ohim resistor and its ground fault protection set on this basis. At a minimum this
station’s relaying should be addressed to ensure that the relay and its settings are
adequate when the subtransmission feeders 3A and 9 are tied to the new
effectively grounded system.

16
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VII. REVIEW OF ELECTRIC STATION NETWORK FEEDERS 8,10A AND 11

While feeders 8, 10A and 11 emanating from the Electric Station ali supply network
transformers, at present, only Feeder 10A supplies pure network loads. Feeder 10A is supplied
by Feeder 10-113 which bifurcates into Feeders 10A and 10B; 10B supplies radial load. A total
of 2500 KVA of network transformers is connected to Feeder 10A and approximately 1200 KVA
of radial load to Feeder 10B. The maximum demand on Feeder 10-113 has been approximately
1200 KVA.

Feeder 11 supplies 2700 KVA of network transformers and is also the primary source of supply
to the General Electric Company which has 6000 KVA of transformer capacity and a demand
of approximately 2500 KVA. Feeder 11 also supplies 8 300 KVA transformer at the library.
According to FG&E personnel, this load could be supplied directly from the 120/208 volt
secondary network system. We recommend that this transfer to the secondary network be
carried out. The maximum demand on Feeder 11 has been approximately 3300 KVA.

The majority of the loads on Feeder 8 are radially supplied. The location of these loads and the

installed transformer capacities are as follows:

Lecation Transformer KVA
Micron Products 750
Hotel Raymond 300
Century Plastics 1,000
Sentinel 500
Day Street Elderly 750
Post Office 1,000
Workers Credit 500
District Court 225
City Hall 300
TOTAL: 5,325 KVA

17
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In addition to these loads, there are 6-300 KVA and - 500 KVA (total 2300 KVA) network
transformers supplied by Feeder 8. The maximum demand on Feeder 8 has been approximately
2900 KVA.

Based on the above, we recommend that the following circuit reconfigurations be incorporated.

The 2300 KVA of network transformers presently on Feeder 8 should be transferred to Feeders
10A and 11 leaving Feeder 8 to supply radial loads only. To provide better foad balance, the
majority of the transformers should be placed on Feeder 10A. Feeder 8 would remain as a
backup feedet to the Wallace Road Substation. Removing the network loads from this feeder
will eliminate potential problems to the network loads whenever Feeder 8 is used to backup the
Wallace Road Substation.

In order to accomplish this load transfer, it will be necessary to extend the 10A and/or 11
Feeders to pick up the last network transformers presently supplied by Feeder 8. Assuming
there are adequate spare ducts, the estimated cost for extending these feeders (a distance of
approximately 1500 feet) is $45,000.

In addition to the above, we would also recommend that to help compensate for this transfer of
load from Feeder 8 to Feeders 10A and 11, the Feeder 10B load also be transferred to Feeder
8. Feeder 10-113 will then become a pure network feeder.

Since network feeders 10-113 and 11 must each be capabie of carrying the load of both feeders,
as the network loads grow, we would recommend that the General Electric Company load be
transferred to Feeder 10 as its primary supply. Feeder 17 can remain as a backup via the
automatic transfer scheme. The existing Feeder 10 load can be reduced by transferring its load

to the Beech Street Substation or converting the 4kV load at Nockege (Circuit 22, 23 & 24) to
13.8kV.

18
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vil. MODIFICATIONS TO THE 69 KV TRANSMISSION SYSTEM

As part of our investigation we reviewsd the varinne etudise that have hesn donz gn the FGE.E
system with respect to & new gystem supply point, as well as possible extension to the 69kV
transmission system. Regarding a new supply point, our review supports the studies which
recommend the Lunenburg/Townsend areas as the preferred location. By establishing a new
115kV to 69kV supply point at this location, the contingency of the Flagg Pond to Pratts
Junction double circuit line outage would be mitigated. In addition to this improved reliability,
a second supply point would improve voltages and reduce losses. However, the recent change
out of the twb Flagg Pond transformers will likely delay the need for a new supply point well
into the future,

While our recommendation for a new substation at the Sawyer Passway site eliminates the need
for a new substation at Wallace Road, it supports the need for a future 69kV/13.8kV substation
at the existing Rindge Road location.

How this station would be supplied is dependent upon whether a new substation is installed at
Wallace Road and whether or not this route is intended to become part of a 69kV doublc circuit
loop for the FG&E system. We have put some cost estimates together based on the premise that
this would be part of a future double circuit loop. Detailed cost estimates are included at the end
of Section 4.

The estimated cost for extending the existing double circuit steel pole, 69kV transmission line
from the River Street Substation to the Wallace Road site is $323,000 excluding the terminal
structures. The distance is approximately 0.5 mile. The estimated cost for contimiing on with
this double circuit configuration to the Rindge Road site, a distance of approximately 3 miles,
is $2,100,000, again excluding the terminal structures. FG&E owns the required right-of-way
between the River Strect Substation and the Rindge Road site. At present, there is a single
circuit 13.8kV line (Feeder 41) installed on single circuit structures, with 1/0 ASR conductors,
berween Wallace Road and Rindge Road, which is insulated and suitable for 69kV operation.

19
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Assuming a new substation is not installed at the Wallace Road site, there would be no need to
install 69kV switching facilities at this location either. The double circuit 69kV lines would be
express from the River Street Substation to the Rindge Road location.

We have also estimated the cost for a second 69kV transmission line between the Summer Street
Substation and the Sawyer Passway site. We have provided this estimate for information only,
since it does not play a part in any of our recommendations. It may prove beneficial if the site
is developed for cogeneration facilities or by an IPP. Since one of the existing 13.8 kV lines
between the Electric Station and the Summer Street Substation is presently installed on the 69kV
double circuit structures, the 13.8kV line would have to be relocated or underbuilt on these
structures. The estimated cost for this single circuit 69kV line extension is $211,000.

20



Should the Sawyer Passway location be developed as an IPP site, the installation of additional
transmission lines may be required. The voltage and ampacity requirements would be dependent

upon the amount of generation at the site.

The existing right-of-way between the Summer Street Substation and the Electric Station could
readily accommodate double circuit 69kV transmission structures. In fact, there are two steel
crossing towérs on the right-of-way which are presently configured for double circuits.
However, unless the site is developed as an IPP site or by a customer with a significant power
requirement, the existing single 69kV transmission line is adequate. We recommend that the
existing backup between the future proposed Sawyer Passway site and Summer Street Substation
remain as it is via the two 13.8kV feeders 3A and 9.
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Introduction

This report summarizes the events and subsequent analysis resulting from three primary
cable failures on #8 Feeder. These failures resulted in service restoration duration
ranging from 8 to 16 hours. The analysis reviewed the unique characteristics of the
existing paper and lead primary cable system and developed recommendations to
improve the system's operating capability and minimize service restoration time.
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#8 Feeder Study - Downtown Fitchburg Netw

A. System Capability Analysis

The normal supply for the #8 Feeder is from the Electric Station transformer (69 -
13.8kV) which has a Delta connected 13.8kV secondary. Feeder #8 has an alternate
source via the Wallace Rd. Substation, which could potentially be used to provide a
backup for customers (such as the Sentinel) tapped radially off the primary network
feeder. However, the capacity of this source was unknown. Furthermore, the nature of
the interconnected secondary network requires all network transformers be off-line if fed
from the alternate source; Wallace Road is 13.8kV Wye and the Electric Station is
13.8kV Delta. As a result, the Wallace Road source has not typically been used .

Based on the most recent failures and the subsequent tests, most problems on #8 feeder
are located close to the Electric Station portion of this feeder. If the Wallace Rd. tie
could be used (after appropriate sectionalizing) to supply some customers while a
faulted cable is repaired, the risk of an extended outage to customers beyond the faulted
section is significantly reduced.

In order to establish the capability of this tie, it was necessary to construct a computer
model, and perform a voltage drop/thermal loading study. As the engineering data for
the model was not readily available, considerable effort was required to field check
overhead circuits, and collect data on the underground feeders. Protection issues were
reviewed as well to confirm the ability to respond adequately to faults, and to minimize
the number of customers experiencing an outage subsequent to a permanent fault.

An overview map for feeders #1 (emanating out of Beech Street to Wallace Road) and
#8 was also developed.

B m bility Analysis Resul

Thermal/Voltage

The study indicated that the system currently has the capability to feed the entire #8
feeder non-network load for the foreseeable future.

oM LG'CUST\SENTINEL\INTERNAL\REPORTASAMi i |
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Protection

Sensitivity to faults is good. However, coordination between breakers 1/103 at Beech
Street and 8/103 at Wallace Rd. is marginal. For the time being this represents a
reasonable risk. However, a detailed coordination analysis should be performed.

Operations:

The fundamental result of this study established that the system can support alternate
feed to the Sentinel and other non-network customers on the Rollstone St. tap with no
enhancements. We will need to confirm with operations that proposed switching is
appropriate.

Proposed switching for a fault on the Electric Station side of the Rollstone St.
switchgear; assuming the radial tap from the switchgear is operational. The switching
outlined below assumes all appropriate cable testing has been performed to avoid closing
in to a faulted section and all the applicable network transformers have been removed
from the system to prevent an out of phase closure through a transformer.

1. Take network transformer 8N13 off-line.

2. Open or check open 8-114 (Rollstone St. switch)

3. Close or check closed 8-115 (Rollstone St. switch)

4. Confirm that recloser 8/103 at Wallace Rd is set for non-reclosing.

5. Close recloser 8/103.

Depending on the location of the fault, it may be possible to pick up more sections of #8
feeder's non-network load from Wallace Rd. It should be noted that ALL network
transformers on #8 feeder sections fed via Wallace Rd. must be off-line.

ther ions To Re Restoration Tim

The above discussion establishes that FG&E can provide an alternate supply to the
Sentinel, Worker's Credit Union, and the Post Office for cable failure on the main line.
However, these customers are still fed via a single radial tap from the switch on
Rollstone Street. If the cable failure occurs on that radial tap, then these customers will
experience an outage until the cable can be repaired. The following proposals would
minimize the duration of or eliminate such an outage:

3
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Proposal 1

Establish a normally open point at the Rollstone Switchgear.

This proposal will allow a faster restoration times for customers on the Rollstone Street
tap for main line faults along #8 feeder. After testing the cable on this tap (assuming no
fault is found on the tap), the tap can be immediately transferred to the Wallace Rd. tie.
Furthermore, the section of #8 Feeder which normally supplies all network and primary
customer load would be isolated from faults on the 0.90 mile (about half the feeder
length) section fed from Wallace; reducing the length of cable exposure susceptible to a
failure.

System modifications:

Extend Feeder #8 to feed network transformer 8N13 from the Electric Station side of
the Rollstone Street switchgear. This allows feeder #8 to be fed from an alternate
source, without necessitating taking 8N13 off-line. This minimizes the potential for a
switching error to occur during service restoration which might lead to an out of phase
closure through this network transformer.

1. Disconnect primary tap to 8N13 in MH 39A.

2. Pull cable from MH34A to MH39A (3 manhole-manhole runs totaling
830')

3. Tap new cable into feeder #8 at MH 34A.

4. Connect primary tap to 8N13 to new cable in MH39A.

Consideration should be given to providing status indication of Wallace Rd. Breaker
8/103 to the FG&E watch_engineer. No load will normally be fed from the section of
cable from Wallace Rd to the normal open point at the Rollstone switch. It will be
necessary to know if the 8/103 breaker has tripped, so that faults can be located and
repaired quickly. If this paper and lead cable is damaged and left de-energized for an
extended period of time moisture will migrate into the cable. Install lightning arresters
on both sides of the open switch at Rollstone Street will also enhance the lightning
protection afforded to this service aged paper insulation. As this switch will now be an
open point, overvoltage protection becomes critical.

Cost: $ 77,049.00

System Configuration: Wallace Rd. 8/103 Closed .
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8-115 Open (Rollstone St.)

8-114 Closed (Rollstone St.)

Proposal 2:
Install a spot network to supply the Fitchburg Sentinel, and the Worker's Credit Union.

1. Extend Feeder #11 From Wallace Street to manhole 103A. (4
manhole-manhole runs totaling 1000'.)

2. Install a new vault, containing 2 500 kVA network transformers with
protectors.

3. Install approximately 50' of duct from manhole 103A to the new vault.

4. Run 2 50' runs of cable from new vault to manhole 103 A for connection
between network units and feeders #8 and #11.

5. Install secondaries in customer owned duct (approximately 120' of 3-500s per
phase).

6. Run secondaries to Worker's Credit Union (approximately 140' of 2-500s per
phase) from new vault, to MH 103 A to MH104C to basement of worker's credit
union.

Cost: $ 503,325.00

System Configuration:

Proposal #3:

Extend Feeder #11 and install a new switch in a sidewalk vault,

1. Extend Feeder #11 From Wallace Street to manhole 103A. (4 manhole-manhole
runs totaling 1000'.)

2. Install a new vault, containing a two-feed switch.
3. Install approximately 50' of duct from manhole 103A to the new vault.

4. Replace customer's primary cable with EPR insulated cable.

5
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5. Run 2 50' runs of cable from new vault to manhole 103 A for connection
between switch and feeders #8 and #11.

The switch would be specified to accept standard 200 amp elbow connectors from the
customer's cable. The proposed cable would be EPR insulation construction.

Cost: $ 245,061.00

System Configuration:

Proposal #4: Replace all the existing paper and lead cable on the Rollstone Street radial
spur with EPR cable.

Vault 224V - MH 34A 100'
MH34A - MH 103A 111"
MHI103A - MH104C 72'
MH104C - Worker's CU 50'
MH34A - MH36A 1s1
MH36A - MH119A 201
MH119A - Post Office Vault 51
P.O. Vault - Transformer 150
Total for this radial spur 886’

Cost: $113,406.00
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D. Cable Testing

A portion of #8 feeder, from the Electric Station to the switch at Day Street, was
de-energized and tested. The test was performed on three sections of this feeder; from
the Electric Station to the switch on Sawyer Passway 8 -110, the radial emanating from
the switch 8 -110 to Micron Products and Century Plastics and the third section from the
Sawyer Passway switch 8 - 111 to the switch on Day Street 8 - 210. These three
sections of cable could be removed from service with minimal interruption of service to
our customers. Micron products is the only customer on this section of cable and they
were willing to work with FG&E to schedule a shutdown during their off production
hours.

Two of the failures on #8 Feeder occurred within this section of cable selected for
testing. Both of these failures were splice failures. Coincidentally, both of these splices
were in the same manhole on Sawyer Passway; manhole 3-A.

Cable test results, although producing exact number, do not give exact indication of the
cable's condition or predict when a failure will occur. The data is viewed relative to data
for this type of cable or compared against historical data captured on the same cable.
Test results do provide a means of assessing the relative condition of the cable and
provide an indication of the likelihood of an additional cable failure. However,
predicting when or if the cable will fail is not achievable. Varnished cambric and paper
and lead cable is very reliable and is less susceptible to conditions which might otherwise
cause a failure in a conventional poly cable. Historical test data was not recorded for
these cables. This cable is constructed as a single run of three separate conductors
bundled within a lead sheath. Each conductor is constructed of oil impregnated paper or
varnished cambric for insulation. The single conductor is then wrapped with a
perforated copper tape shield which establishes an interface between adjacent
conductors and the exterior lead sheath. Records indicate this cable was installed in
September 1948. Reference material and historical test records were not available for
this type and vintage cable. American Electric Testing Company was used to perform
the initial tests and as consultants to discuss the test results.

= Electric Station - 8 -110 The insulation resistance test results indicate all three
phase of this conductor are in good condition. The values range from 3,333 to
16,000 Megohms. The corresponding leakage currents were less than 1.8
Microamps and remained constant throughout the test.

® 8 - 110 to Micron Products/Century Plastics One phase (C) tested poor on this
section of cable. Both cable resistance and leakage current on phase C tested a
factor of ten higher than phases A and B and the section of cable from Sawyer
Passway previously mentioned.
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® 8-111to8-210 (Day Street Switch) All three phases of this cable tested
poor. This cable is a single, three conductor paper and lead cable. If moisture
has penetrated the lead sheath, it will migrate through the insulation of all three
conductors. The poor insulation reading and corresponding high leakage
current indicate insulation degradation has and is occurring. The values of
insulation resistance and leakage current were also a factor of ten different from
the "good" cable emanating from the Electric Station.

The cable testing data corroborates the suspicion that moisture is present within this
three conductor cable system. The cable testing data can not predict when another
failure will occur. A construction program should be initiated to change out this cable to
mitigate the likelihood of additional failures. This change out program should start with
manhole 3A on Sawyer Passway and work towards the Day Street switch; manhole by
manhole. Changing the conductor one section at a time will allow the remaining
sections to be tested to establish if the "bad" section has been removed. The change out
should continue until the cable test results indicate the bad cable has been removed.
Consideration should be given to adopting a policy which calls for new cable to be
installed whenever this existing cable fails. Although this may increase the overall
service restoration time (changing cable vs. splicing), the overall system performance
should improve by installing new cable.

E. G&W Switch

During the course of this study the operating capability of the G&W submersible ol
switch at Workers Credit Union was brought into question. The follow up investigation
confirmed the questions expressed about this switch. G&W had issued product
advisory letters for this type of switch in 1983 and 1985. The letters stated that
energized operation of these switches has resulted in failures causing serious injuries and
fatalities. Engineering contacted other New England utilities to discuss these switches
and most utilities had removed them from their system shortly after the second letter was
issued from the vendor. Operations is currently conducting a survey of the remaining in
service, submersible, oil filled, switches to collect name plate data for Engineering to
review.

A product notification was issued to FG&E Operations that this switch must be operated
de-energized. This operating limitation requires the #8 Feeder to be de-energized to
allow this switch to be opened. Opening #8 feeder causes an interruption to all the
non-network customers tapped off this feeder until this switch is opened. The objective
of this study was to improve service reliability to these customers, not decrease it. This
operating restriction increases the anticipated duration of service restoration for a

8
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network cable failure on the #8 Feeder. Additional analysis investigated the
requirements for this switch. In general, the requirements and location of all submersible
switches will be reviewed when the field information is collected from Operations.
Switches will not be replaced on a one for one basis without a complete review.

The specific switch at Worker Credit Union will need to be replaced (material cost only
$7,500.00). This switch is used to disconnect the three phase transformer from the
system. All three phase network transformers (all three phase distribution transformers
at FG&E) have Delta connected high voltage primaries. This highside primary
configuration requires a three phase, gang operated, device to energize or de-energize
the transformer. Delta connected primaries are susceptible to ferroresonance during
switching and a three phase gang operated devices mitigates the potential of a
ferroresonance condition occurring.

F. Emergency Back up Generator

Consideration should be given to providing the Sentinel with a natural gas fired
emergency generator equipped with an automatic start and transfer switch. The unique
requirements of this customer and their inability to sustain an interruption in electric
service lend themselves to providing a second energy source for operation. This
alternative may also be cost effective when compared with the various distribution
system enhancement options discussed within this report. FG&E has an 8 inch, high
pressure, gas line located in the street directly in front of the Sentinel. A preliminary
cost estimate for a 300kVA generator is approximately $75,000.00. Cost is directly
proportional to kVA capacity when procuring a generator. Discussions should be
initiated with the Sentinel concerning their ability to segment their load into critical and
non-critical. Critical loads would be associated with operations essential to produce
their product. If the critical load can be structured not to exceed 100kVA the
corresponding generator cost is reduced by a factor of 8 to 10.

G._ Primary Network Feeder Analysis

Three 13.2kV primary high voltage feeders constitute the sources which supply the
network system at FG&E; Feeders 8, 10A and 11. Cables for these three Feeders
emanate from the Electric Station along Sawyer Passway and proceed north along Main
Street. All three Feeders are principally constructed of paper and lead or varnished
cambric and lead cables. The table below summarizes the existing Feeders capability,
current rating and peak loading during a first contingent condition.
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All values are in kVA
8 Feeder 11 Feeder 10A Feeder 3PH Total
Transformation 2800 2550 2700 8050
Peak Demand 2880 3120 1440 7440
Feeder's Rating 6600 6600* 3100 16300

* This rating needs to be reviewed. During a recent cable failure along Sawyer Passway
three separate, 250 MCM, CU, single conductors were installed replacing the single
cable, 350 MCM, CU, three conductor cable.

The maximum Feeder ratings are based on the maximum conductor thermal rating.
Feeders 8 and 11 are single cable, 350 MCM, CU, three conductor, paper and lead.
Feeder 10A is a single cable, 2/0 AWG, CU, three conductor, paper and lead.

Generating the table above for contingent loss of 11 Feeder looks like:

All values are in kVA

11 Feeder| 3PH Total
Transformation | OOS 5500
Peak Demand 6140 (GE is transferred to 17 Feeder.)
Feeder's Rating 9700

This basic analysis demonstrates the remaining network transformers will be operating at
approximately 112% of their nameplate thermal rating. Network transformer ratings are
established using the same ANSI standard technique applied to distribution and power
transformers, however, additional factors such as the vault's thermal design, what other
type of equipment 1s present within the vault and consideration to the 50 degree average
winding rise design need to be considered. At this time, these factors are not known for
each of FG&E's transformer vaults. This information will need to be established as part
of a comprehensive downtown Fitchburg network study.

10
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H. Secondary Network Analysis

The option of sifting the Sentinel's load (approximately 270 kVA peak demand) to the
secondary network system was investigated. A comprehensive study and analysis of the
capability of FG&E's secondary network system does not exist at this time. Given the
time constraint of this study, the system was reviewed on an overview basis (reference
Primary Network Feeder Analysis within this report) and the following conclusions
were established.

Given the existing network loading and available transformation capacity feeding into
the system today, during the first contingent loss of a network feeder (8 or 11), the
remaining transformation is predicted to operate at 112 percent of their aggregate
thermal rating. This transformation thermal limitation will be lifted when the 1996
Capital project to change out all PCB network transformers is complete.

However, a comprehensive secondary network loadflow study would still be needed
before additional load is added to this system. FG&E's records indicate minimal changes
have been made to the secondary network conductors since they were installed. The
initial design of this system consisted of predominately 150 and 300 kVA network
transformers. I speculate the secondary system's design was optimized given these initial
150 and 300 kVA transformer installations. The secondary network consists
predominately of an interconnected grid of 250 and 400 MCM, 600 volt cables.

Detailed maps and records exist for this system, however, it will be an arduous task to
perform the research necessary to construct a network loadflow model. The first step in
this process would be to transfer the existing drawing into an electronic format to make
them more legible. This information is crucial to developing an accurate network
loadflow model. This electronic conversion process should be integrated as part of an
overall network loadflow analysis and will be brought to the table as part of the FG&E
electric distribution map consolidation project currently ongoing with Unitil Engineer
and Planning.

l. General Network System Design

As the FG&E system moves forward in time, consideration should be given to removing
the customers currently fed from radial taps off the network Feeders. This will begin the
transition of converting the network Feeders back into pure network Feeder cables. The
lack of information, documentation and system studies make an expeditious transition
difficult. In addition lacking the information previously mentioned it is difficult to
quantify the resources and overall cost associated with implement this change. During
the last few months and years of operating and examining this system, it is evident the

11
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current practice of establishing radial taps from the existing network Feeder lines may
have been the lowest cost alternative available to meet the load additions in this portion
of our system. Consideration should be given to constructing an additional 13.8kV
Feeder emanating from the Electric Station to supply these non-network customers.
This new Feeder could use the current alternate supply available from Wallace Rd via
Beech Street as a back up. The new system design should strive to provide enough
flexibility to minimize the number of customers effected by a cable failure and reduce the
service restoration time. Although the out of phase condition would still exist at the
normal open point between the two sources, these customers would have two
independent sources supplying service to buildings. The system design would need to
include a sufficient amount of switches to provide the flexibility to isolate only the
faulted section of cable involved and restore service to the remaining customers while
the damaged cable is repaired.

Il. Conclusions And Recommendations

1. A natural gas fired generator should be installed at the Sentinel to provide the
level of service reliability they require. The installation of a natural gas fired
generator appears to be the most cost effective short term solution.

2. The #8 Feeder cable should be replaced on a manhole by manhole basis until the
poor cable is removed.

3. Lighting arrester should be installed on the normal open point of all the
underground network Feeder cables to decrease the cable's susceptibility toa
lighting induced failure.

4. The G&W switch at the Worker Credit Union should be replaced to improve

system restoration time and remove this known defective product from our
system.

N

5. The remaining in service oil filled submersible switches should be surveyed to
establish if they fall within the scope of the G&W product advisory.

6. Customers tapped off the current 13.8kV network Feeders should be transferred
to a new circuit. The new circuit would emanate from the Electric Station
Substation and use the existing alternate source from Wallace Road via Beech
Street as a back up. This new circuit would provide these customers the level of
service afforded an underground customer with a loop feed.

12
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7. A comprehensive primary and secondary network loadflow analysis should be
conducted. This study would model the 13.8 kV and interconnected 125/216
volt system. Ratings for the network transformers, vaults and cables should be
reviewed as part of this study.

8. FG&E needs to develop a specification for cable which can be used in place of |
the existing lead cable. The material and work procedures required to perform
transition splices (lead to poly) needs to be established.

9. FG&E should implement a policy to replace failed network Feeder lead cable
with EPR cable.

Paper and lead and varnished cambric and lead cable systems are very reliable.
However, when a cable failure occurs the restoration time is excessive compared to
current poly cable or overhead distribution systems.

The most cost effective, short term, solution to provide a high level of service to the
Fitchburg Sentinel would be to install a natural gas fired back up generator.

The Fitchburg Gas and Electric Light Company's downtown secondary network system
has historically performed with a high level of service reliability. FG&E's ability to
continue to connect customers to this secondary network system or expand the current
system is limited by a lack of studies and documentation about the capability of the
system. Customer who are tapped off the 13.8kV lines which supply the network
(non-network customers) will continue to experience long duration outages should cable
failures occur on the paper and lead system until significant system changes are
instituted.

Fitchburg should initiate the construction of a new Feeder into the downtown system to
pick up these non-network customers and use the existing alternate supply from the
Wallace Road Substation as a back up for this new Feeder.

This study brought to light additional system elements which need attention. These
elements will be evaluated on a case by case basis and corrective actions initiated as
appropriate.

13
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